Abstract. Compared with traditional vehicles, the unsprung mass of new energy vehicles which are driven by the hub motor is obviously increased. In order to analyze the impact on the vehicle ride comfort caused by the changes of unsprung mass, a vehicle model is built for the ride comfort simulation by using ADAMS/ Car. Then the road test is carried out to verify the accuracy of the vehicle model. Finally, in order to reduce the adverse effects caused by the changes of unsprung mass, the parameters of suspension are optimized by using Adams/Insight.
Introduction
At present, the electric vehicle which uses hub motors becomes the trend of new energy vehicles. Compared with traditional vehicles, the unsprung mass of electric cars increases greatly when using the hub motor. In recent years, researchers have made some analysis on the performance of the vehicle caused by the change of unsprung mass by establishing the vehicle dynamic model. However, some of the model is too simple compared with the real vehicle system. In this article, a multi-body dynamics model of vehicle is established for the ride comfort simulation. Then the road test is carried out to verify the accuracy of the vehicle model. Finally, by using Adams/Insight, the article gives a way to adjust suspension parameters when unsprung mass is changed.
The Establishment of Vehicle Model Based on Adams/Car The Establishment of Vehicle Model
The parameters of the vehicle model in this section are provided by a certain brand car supplier and the specific parameters are as follows: In order to build a car model, the template file in the Adams/Car standard database is modified according to the structure and parameters of the car. The front suspension model, rear suspension model, steering model, tire model, vehicle body seat system and dynamic model are established in turn. These models are connected to each other by establishing the communication device [1] . The complete model is shown in Figure 1 : 
The Establishment of Road Input Model
The road roughness is used as the input of vehicle model, its statistical characteristics is mainly described by road surface power spectrum density. According to the request of GB 7031 Vehicle vibration-describing method for road surface irregularity, road surface power spectrum density G q (n) [2] can be expressed by the flowing equation:
In the equation, n is the spatial frequency [m -1 ], n 0 is the reference space frequency, n 0 =0.1m -1 , G q (n 0 ) is the road power spectral density value of the reference space frequency n 0 , W is the frequency index.
Taking the A-class road as an example, the simulation speed is 120 km/h. According to the reference [3] , the road roughness displacement time domain expression is as follows:
When using A-class road, G q (n 0 ) equals to 16×10 -6 , n l = 0.01 [m -1 ] is the lower cut-off spatial frequency of the road; v is speed, w(t) is white noise series, the random road input model is set up in Matlab/Simulink. The road model that generated in Matlab/Simulink is shown as Figure 2 . After that, the road model is rewritten into .rdf format files, and is imported to Adams as the road input. 
Vehicle Ride Comfort Simulation and Experiment

Vehicle Ride Comfort Simulation
The ride comfort reflects the riding feeling of the passengers. According to GB/T 4970-2009 Method of running test-Automotive ride comfort, the vehicle ride comfort is evaluated by the total weighted acceleration root mean square value [4] . According to the regulations and the actual test demand, the acceleration RMS in three directions(x, y, z axis) is chosen as the evaluation index of human body vibration, the equation is as follows:
Where, a v is the total weighted acceleration RMS, a wx , a wy and a wz are the acceleration RMS in three directions(x, y, z axis), k x , k y and k z are the weighted coefficients of x, y and z axis. Then, the ride comfort simulation is carried out based on Adams/Car, and A-class road model is used as the input of the road surface. The simulation conditions are designed as follows:
Under the same mass ratio, cars run at the speed of 45km/h, 60km/h, 90km/h, 110km/h. And the mass ratio used in this simulation is 7:2, 7.5:1.5, 8:1, 8.5:0.5.
Take the mass ratio 8:1, speed 60km/h as an example to illustrate the ride simulation. Figure 3 is the vehicle simulation process, Figure 4 is the acceleration time-domain diagram in the vertical direction of the seat. The x, y, z three direction acceleration value is weighted by the Eq. 3, then we get the weighted acceleration RMS. The weighted acceleration RMS value of each working condition is shown in the table below: From what have been analyzed above, it can be seen that under the same speed, with the increase of the unsprung mass, the RMS value of weighted acceleration at seat increases and the vehicle ride comfort gets worse.
Real Vehicle Ride Comfort Road Experiment
Test Instruments and Equipment. The model data used in this test is in accord with the vehicle data used in Table 1 . The laboratory equipment used in this test is composed of three-way acceleration cushion-sensors, GPS speedometer, data acquisition system and data lines. The equipment is shown in the figure below: Figure 5 . Test instruments and equipment.
The cushion-sensor is set on the driver's seat, and GPS speedometer is put on the windscreen in front of the copilot.
Test Content. Choose a good section of highway where the road is straight and the inequality keep uniform without mutations, drive at the speed of 45 km/h, 60 km/h, 90 km/h, 110 km/h respectively, gather the acceleration time domain signals of cushion-sensor on x, y, z axis, cut out 30 s relatively smooth acceleration signal of each working condition to make data analysis.
Analysis of Experiment Result. Weighting the collected acceleration in each direction to get the weighted acceleration RMS value at the seat under different working conditions. Compare with the results of simulation and experiment, the result is indicated in the table below: From the data in the table, it can be seen that there is little gap between the experimental results and simulation results. Therefore, the simulation data is credible, which verifies the correctness of the model. Figure 6 . The comparison of acceleration RMS before and after optimization.
Optimization of Suspension Parameters Based on Adams/Insight
From the results above, it can been seen that the root mean square value of the vertical acceleration is reduced after optimization, and the vehicle ride comfort is improved.
Conclusion
This paper uses Adams to build the multi-body dynamics vehicle model, carry on the real vehicle road test, study the influence on the vehicle ride comfort with the change of unsprung mass, the conclusion is as follows:
(1) Vehicle model is set up based on Adams/car Module, and the real vehicle road test is implemented, the accuracy of model is verified effectively.
(2) Change the unsprung mass, set up different conditions and simulate the vehicle ride comfort, the results demonstrate that with the increase of unsprung mass, the weighted acceleration root mean square value at seat increases and the vehicle ride comfort gets worse.
(3) Suspension stiffness and damping are set as the optimizing parameters, Adams/Insight module is used to optimize. Vertical acceleration root mean square value decreases by 12.9%, which effectively improve the vehicle ride comfort.
